With the power system harmonic pollution problems becoming more and more serious, how to distinguish the harmonic responsibility accurately and solve the grid harmonics simply and effectively has become the main development direction in harmonic control subjects. This paper, based on linear regression analysis of basic equation and improvement equation, deduced the least squares estimation (LSE) iterative algorithm and obtained the real-time estimates of regression coefficients, and then calculated the level of the harmonic impedance and emission estimates in real time. This paper used power system simulation software Matlab/Simulink as analysis tool and analyzed the user side of the harmonic amplitude and phase fluctuations PCC (point of common coupling) at the harmonic emission level, thus the research has a certain theoretical significance. The development of this algorithm combined with the instrument can be used in practical engineering.
Introduction
In the modern power grid system, the traditional power equipment has gradually been replaced by smart devices which were based on power electronics and other nonlinear element. Meanwhile, nonlinear loads of the user side were heavier and heavier. It made the harmonic pollution problems more serious and harmful to the safe operation of the power system. Besides, the users faced a great power loss. With the public's increasing emphasis on harmonic problems, the user's reasonable assessment of harmonic emission levels in public connection point became an important content of harmonic control [1] .
The research of Emission level estimation of harmonic source was focused on harmonic source qualitative analysis and quantitative estimates at home and abroad: active power direction method [2] was widely used in engineering harmonic source qualitative analysis method. However, this method is affected deeply by the phase difference between the harmonic sources. And there is a big area of uncertainty, so it was not suitable for complex power systems. Harmonic source in quantitative analysis, also known as harmonic source emission level assessment, can be divided into intervention type and non-intervention type [3] . Intervention type need to inject into the system disturbance artificially, which not only increased the cost of harmonic analysis, also limited the scope of its application. Non-intervention type was different; it could use harmonic source fluctuations of itself to estimate the harmonic impedance in system without interfering with its normal operation. This method was simple to use, easy to the development of equipments. It has made a great difference in practice [4] . At present, the main non-invasive methods included fluctuations method [5, 6] , the linear regression method [8, 9] and the reference impedance method [7] . Among them, fluctuations method and linear regression method were based on the condition that system harmonic impedance and equivalent systems invariant harmonic voltage source and the load harmonic impedance and equivalent load harmonic current source change greatly (or vice versa), it cannot be applied in a steady state harmonic source, and cannot applied in the condition while the system and user harmonic source volatility at the same [5] [6] [7] [8] [9] . The main disadvantage of the reference impedance method is that it needs to get more accurate prior reference impedance [7] . This paper proposed the iterative algorithm for least square estimation is based on the linear regression analysis of basic equation and the improvement equation. And
The Principle and Basic Equation of Linear Regression Analysis Method
The estimated value of the harmonic impedance and the customer emission level can be obtained by statistical analysis with linear regression analysis method, which can be divided into bilinear regression and 2 elements linear regression.
Bilinear Regression Analysis Method
The premise of bilinear regression method is that assuming the system operation is stable, harmonic impedance is purely inductive impedance; the resistance component is ignored, which means s I , s X remains the same and s R is 0. The principle diagram of the harmonic emission level at user side is shown in Figure 1 . The harmonic voltage equation at point PPC is:
Divide the vector into the real and imaginary parts, which are: 
Two Elements Linear Regression Analysis Method
Bilinear regression ignores resistance component of harmonic impedance of system side, which may lead to the estimated results different from the actual harmonic impedance largely. In order to reduce the deviation of estimation value and the actual value, use the analysis methods with the least square method of type (2) and (3) to obtain the regression coefficient. The 2 elements linear regression model is as follows:
The Improvement of Linear Regression Analysis
As showed in type (2) and (3), when the change of load harmonic source is only amplitude fluctuation, the real and imaginary parts of harmonic current at point PCC will synchronize increase or decrease. In order to reduce the correlation and improve the reliability of estimated value, the type (2) and (3) should transform, as follows:
Put the type (6) into (3): 
The type (3) is as follows:
Put the type (8) into (2) 
The matrix form of type (7) is: 
The matrix form of type (3) is: 
Use the transformed Equations (6) and (8) to solve the regression coefficients, in the inverse process; the correlation is reduced, so the reliability of results is improved. The above two equations are obtained after a series of data, through the matrix transformation and its inverse, and a complete algorithm for least squares. Completing algorithm in practical use needs large amount of memory and cannot be used in on-line identification.
The Least Squares Estimation (LSE) Recursive Algorithm
The basic idea of LSE recursive algorithm is that the new estimator is the sum of the last estimation and correction, the computation and storage of each step is small, offline or on-line identification can be allowed, and has the track time-varying parameters ability. When the n measurement dates (samples) obtained, use the least squares complete algorithm to obtain the type 
( ) 
Thus, new estimates can be got: Above is the derivation process of recursive method. This paper adopts the following recursive formula:
Simulation Analysis
This article established simulation model to meet the precondition of algorithm, in order to verify the linear regression analysis of three kinds of algorithms in the MATLAB software (basic equation, modified equation, the iteration algorithm). It also estimated the harmonic impedance and harmonic emission level of the user. To facilitate the analysis, this article selects 5th harmonics as analysis object.
Harmonic impedance of system side is usually smaller than the user side, if impedance at the user side is unable to get accurate numerical, harmonic voltage formula emission levels of user side can be obtained by the above equation. Use the simulation of the modulus value level evaluation index for launch, namely In formula (19), ( ) B n stand for the estimate value of last moment, ( 1) B n + stand for new estimates of the current moment, the initial value of B and P select the first few data points to solve or set to (0) 
Basic Equation and the Modified Equation Algorithm Simulation
The basic equation and the modified equation algorithm simulation model is shown in Figure 2 , the system side harmonic source is set as constant 5th harmonic source, the user side set fluctuated 5th harmonic source, resistance, inductance are set as: Rs = 5, Ls = 0.002H, Rc = 15, Lc = 0.02H. Set 5th harmonic amplitude of system side is 5A; the 5th harmonic amplitude of the user side (coefficient) varies with time as shown in Figure 3 .
The real and imaginary parts of the 5th harmonic current and the real and imaginary parts of the 5th harmonic voltage are shown in Figure 4 .
Use the simout module to store real and the imaginary part of 5th harmonic wave to work space, and then according to the basic Equations (2) and (3) and modified Equations (7) and (9) algorithm to write the procedures of the regression coefficient, the data shown in Tables 1  and 2 . a) When the user side only harmonic amplitude fluctuation, results were obtained as follows: Improved regression coefficient equation algorithm to obtain estimates of the value of deviation is smaller, and put the average value (6) The data shows, when in user side harmonic amplitude fluctuates only and not phase fluctuations, regression coefficients obtained from the basic equation algorithm estimates a large deviation, the deviation is smaller by the estimation improved equation algorithm, namely improved equation algorithm can be used; when the amplitude and phase of the harmonic source user side fluctuate at the same time from the basic equations, and improved equation algorithm estimates the deviation is relatively small, the basic equations and the improved algorithm can be applied to equation.
Least Squares Estimation Iterative Algorithm Simulation
When LSE Iterative algorithm is applied (Set iteration coefficient matrix according to the improvement equation mentioned above), made user side harmonic source have only amplitude fluctuation, and the setting conditions of harmonic on both was the same to the algorithm that linear regression analysis complete disposable. Simulation Model is shown in Figure 5 . The 5th harmonic emission level (voltage amplitude) of user side at point of common coupling is shown in Figure 6 .
The simulation results of LES recursive algorithm shown in Figure 7 . Follow from top to bottom they are According to the data and figures above, we can conclude that, when the user side of the harmonic source fluctuation is small, iterative algorithm can get a small deviationist estimate and real-time, stable harmonic emission levels. What's more, with a small amount of data stored, running fast, online or offline running to get real-time harmonic estimates, iterative algorithm is ideal algorithm in the condition.
Conclusion
This paper derived iterative algorithm based on the basic equation and improved equation. This algorithm revised recognition result constantly on the advantage of new data; it got real-time harmonic impedance and harmonic emission level estimates. It calculated speed with small amount of data storage by this way. In addition, the iterative algorithm was without inversion process, so were the user side harmonic amplitude fluctuations and not only the phase fluctuations. There was no correlation between causing erroneous results and obtaining inverse problem. This algorithm will be improved and combined with the instrument development, it can be used in practical engineering, real-time monitoring of the PCC harmonic levels.
